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[0105] 

VQ 

■»1 



V (2) 



m^^ux^K z.<Dmmt. mm\z\%. ^^^t^^y)mm\zm%tmf^ti:^^o\z 



(38) #38200 2-5 3 2 7 1 5 

toff ^mm<ft^^t\z^':>x^i!i)Bn^o 2^^Bj<D;^cje)<^0*bvi^7^;p 

a^=l/2exrc ( ) (3 ) 

* * * * 

[0 10 6] 

Hfcv ltfCD:^-7^> ->Y;^C7:t:;^ 

[0 10 7] 

JiDt^ s M <c X. (4) 
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:in^<D^mt^Bizm!&-^n^o m^iiS^ 00=0. 0 5:&t;^'R/L=o. 

[0109] 



'^^^^ 2002-53271 5 

^ti&o:>:^mmtmmmj::^mz^r)mmizm<::^7!)^x^^(Biess et 

1992. Numerical Recinps in r 2nd ed.. Cambridge Univ. Press. New Yo 

>^^^:t-^hl.xmmT^o mm^m, ed, 1954. selected Panf-r. nn nt 
oise and Stochastic Prnr.ftssPj! nnv^r p^if^} ..hprD New york$#Mc5 

mmm^(Dm&. u^mzu-y^^ >^!/->4'o i ocD4f7^>>'^;i..>3,;p 
^z^m^zh^yf-^ntz.^^. ^^mi.ti.-mBitf^iy^^'i:'7')i\z'D\,^xmm-t^ 

j;Df^, ^<^^^>>'^)^'y:^Mzt>r:LK^mm-^ti^m'f-<Dmmzfuy^^)i 

\t:^^X^m\Zfj::bo mX\t. Wax. ed. 1954. Select ed Papers nn Noi.. c 
tochastic Processes. Dover Publishers, New york<&#igCDC:^o 
(01113 
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<XpCt))= tjfa^ (5) 



[0 112] 



- — &x£tJ^R/^4Dt:^ <7) 



"X?#;^6tl-5o Wax, ed, 1954. Selected Papers on Noise and Stochas 

tic Processes . Dover Publishers/New York^^Moei i:o ^KD^iC^feViX. 



erfcU) = (2/Vn) f dt exp(-t*) . (8) 

-V^m-^tl^o eTfc(x)izM-f^0m^J&MiZ^^^Xit. Abramowitz et al., 19 
72. Handbook of Mathematical Functions . Dover Publishers, New YorkicK^ 
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[0 113] 

(D^^Mt. mrji^mmi±<Dmi^m^^:i^mmiz j; o x ^ 5 j; p izi»m $ n§ 



c y c 



mzmmmzmffT^ z. i^^Lxvi^. ^2 iz. ^ e tti^ti<Dmm 

7'p :7 ^ -;kdi|® J; t) t>M < Jiff r ^.7t«6.. m-^^w^'^<K>imzmm\^fzLt 
m^—^\tmmx'^^m.mz^Wimz^m-^t\.^.: 

^0 114] 

#L.> to f f «^:;&"®oj^xM#r'5)tae>. :«it#t^^XR^tl/2^cM^i>■r 



[01 15] 
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UTVi-2)„ 011A~D«. I 1 0 1^&Z>'1 1 0 2 ,hLTB§SlT5^$nTVi§2 



tt^^-r^c Ri:UT'b^fe$nTV:»-2)'fiJil 1 0 8 Mi^hl 1 0 1 



bcd:/d:7^— ;n i o 4(^:5r-e>ii|ii;&tj[2:vi, :/n7^— ;n i o soaAo—g 

^^ssz>'t>3i;n 1 0 i:s.t/i i o 2izm^\-^tix^< h^yy'-^ti^o U/^^b 
h^-y^^n. aA:&o^^SB««s:/D:7^— ;k i o ssiixi i o e^^f. 



[0116]- 
1 2 A~E«, 



r 

tW^^UAJ^ZSBCDmm^^iyXl^^^. mmik(Di&\^^::^<DmAW^'- 1 2 0 IX 



i6;^^4c9igvi>^<^aBJA/t— 1 2 0 2xs$nTi/i^o fltfBT to „ 



(43) #^2 0 0 2-5 32 7 15 

2B. 12C> 12D, 2E«, ^n-f-'n2 5i^<^;i/m. 5 0lt'1'^;i/ 

^> 7 5 if-r i o o it-r ^jimi<Dm:^(Dm(Dmm.y°a y ^ — 

T^^i0'<<D:i^y=->zy^)l^O3:Mzt>rcV:ff^:7.^m't^J:vizrj^^„ mi2B 

[0117] 
5. 3. 2. ^ — ^ (Pm^sa 

[0 118] 

^^±^mmm^m4^<fr^^oizm^-^ti^. .z:<Dmv^^^^i ^z^ to ^ r 
i^^xmmir^o 

[0 119] 

:inB<D:^miz^om^^nrc/^y:?t^-^it. ^^mmizMmmtjih<Dx$>^o 
j:oiEmrmm/^y:^-^^^^-r^::^:i)^x^^o mz. ^m<D-^ 



(44) 0 0 2- 5 3 2 7 1 5 

S d ^: ^ b U i: -5 7^ It T * S . 
[0120] 

^§gifflS4'Jc:IEil<D:^rSI^^ G. Basic, Fortran?S:^(Dji-©;^j:3 >t:*zi-— ^ g 

[0 1 2 1] 

[0 12 2] 
[0123] 
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[fcl 0] 
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tttitt 



y£?( 



). 



(XO) 



^tlfcVio KU hOaim®^{c:fefrt^m#E«. -Vo / (L-R) 1? 



[0 12 5] 



[^11] 



Y * D/k^T. 



(ai) 



m^it. Wax.ed. 1 5 9 5 4, Selected Papers on Noise and Stochastic Pr 
ocesses M=^:BiZSmmj§im\zm-^ ^m^^:^M . Dover Publishers, New York^ 



m 1 2 ] 



Oil 



QDV_ 
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<13} 



CO 12 73 
1 4 ] 



"a 



QDRB. 



(14) 



m^i^> :^<^M-a. f^R^^MM^\t^l 0'V/cml?a&-& (Aval lone et al. 
eds., 1 9 8 7, Mark's Standard Handbook for Mechanical Engineers <tiM 
(DfctbCD UaTksm^^\>}^y''y^) ^ v^^'d— t:;K ::^aL— 3 — p l 5 ~ 



19) o ^^X. Em . X = 1 0* V/cmTR= 1 Mm-tfafe^«-g-. Ji:*cVo 
lVT?^-5o.. . . 

[0 12 8] 
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[0 12 9] 



[0 13 0] 
[^16] 

[0 13 1] 
[^17] 



«^-|erfc(i?/^/i5t^ 



(17) 



^1 6j:t)> ^mmD(D^'i-^w^mmD + AD<DmT7i)^6^m-r^(Diz£-^wt 

■^tl^'*)--i^Jl^Nc y c (=tN Oit. 'A(D^7!)^^m^tl^ : 

mi 8] 
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D 



iWil 9] 



T = j\r ft +t ) 

tot <gfo * on ot£' 



(19) 



o f 



f }c&;&$n^ i:llBtic; ^{C toff icj^ 



:^^n'&o toff ©«jg;5:«i^3l^-r-57t«e)t:i«. eine>o^^T/?)^'— j^j: 

S*>^Bf^fT/^t>tl-S>« Press et al., 1 9 9 2, Numerical Recipes in 



C (CO 



2|{£. Cambridge Univ. Press, New York 
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mti toff :&tXNc y c m'^x^t.fttsmisi-^nfdmM.x. ^m<Dfz.^\-z>B 



[^2 0] 



(20} 



-5 



[0 13 3] 



<49) #^2 0 0 2-5 32 7 1 5 

R/L<0. 3T^-5Ca::0W*blio •eLT^4J;:. RmSl. 

Rg^n^o e:nc>0Rfc-^viT(^^«-r^s^«. H^^n^E™ . , (Vo « 

[0 13 4] . _ 

^. ::i>}^zj.—^^m(DmM^\iZt^XitmM(D'h(DX$>^0;^7tMd'^it^'^^ 

m^^X (Press et al., 1 9 9 2. Numerical Recipes in C ( C (^I^M6^iB-^^ 
) ^2M. Cambridge Univ. Press, New York). ^<Dii^L&Z^R(Dmmf£M\t 

[0135] 

l-QO::^&fc:fet.iT«, m.mt^R\t. ^14. 17> 1 8:&?>'l 9®fi^$^ 
65fC«^#$nfc|gHi^T©llfl#^/Mbl;:J:^T^^$n#^o Z.n\t. Press et 
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(D^m^m't:-^ * MWt^m %m. ^ r/ l •mm-r ^^^\z^ l ^^-r ^z.iiti^ 

[0136] 
[0 13 7] 

>^^€r ^ Ji'W * Lx l^io 
[0 13 8] 

[0 13 9] 



o f 



<51) 0 0 2 - S 3 2 7 1 5 

CO 1 4 0] 

. by^^b/^/^^S^ i3'i|-r^#i^T<^vv< >:p;^>;0^, t o f f ^^::li^®#5^>i/-\- 
[0 14 1] 



CO 1 4 2] 
C^2 1] 



(52) 2002-5 32715 

[0 14 3] 

[0 1 4 4] 
[^22] 



«x,= E«i"*i». (22) 



■ [^2 3] ■ . ■ ' ■ 

<X„(fc)} = tiix^ (23) 

[0 14 5] 
[^2 4] 

^ - . ' , (24) 
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[ 0 1 4 6 J 

[0 14 7] 

m2 5] 

C 0 1 4 8 ] 

m2 6] 

AT s .£ir .. (26) 

eye , , 

(of_--a ) 

— y?. ic^iiy bTtji^T^ 1 9 > 2 1, 2 2 2 6 (ommmd^mz d #-5 e: ^ 



(54) #^20 0 2-5 32 7 1 5 

[0149] 

10 1 6 0] 

5.3.4. ^mmmi^mm ^WL(DVtm 

1. :^y^>zy^Jl^^:t>izmmX^ ; 

2. :t>^W(Dm\zimjc\tJfmM^5^>-^^)v^m.<WB.-^^^ \ 

3. u^w^^^m\z'r ^ . 

[0151] 

i^-^)V(Dm^ti^K^'^-^^t\^^^<-oi)'^<D-mm/vv7.\zto „ 
njs^#^ tp.,,c« t o n , toff ^mfz.-tz.izxm^^ti^o 

[0 15 2] 



<SS) #«20 0 2-5 3 2 7 1 S 

mM^i^Lm-RJ^zs+R^z$>^mmit+Vo /2izmm^ti. mMm^mo 
V i V o •7=- > ^ ;u ^7 31 ;^^ifp 19 m $ n -5 , 

[0 15 3] 

z.rn^. ^^'fn^^cDmizMrjim^h'D:^^>iy^jv^jz;i'(Dmxm.'^€>rcisb<D 

\,m^\^^^6^mK^Kim^^&^^'&^m.-t^s^iz\zi3i^o 

[0 15 4] 

^m(DU.WL^^^^T^^'Tm^^M'r^(DizmMx$>K) > . 3. 3miz^m 
mmizm^i^mii^m V m (27) 0m) . ^rzLmmt^mmtmrnm^zm^^ 
i&m.xnt>n^o m::^MMxit. '^'I'itmmmizm^^^w^WL^^mv m (27) 
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[0 15 5] 

\^mm(Dmmm^^^^i.2. i.5> i.s, 2.ox\t^ri&.±(Dmmzj:r)mit-t^ 

y^\-X7mm\zmmmx\%. mS«:^5J:^4'C;&^6:feJ:^9 7 t:*-^Jh#$-l±^ 

^^>:/x«mi£^<b«, JbiB©MMn> hD-;i/^>?^— ;i/(c^oTfT-5 eii: 

[0 15 6] 

■^i^\zmo:>mmmm\t.. ^"f-i^Wimm^^^T^mo^^^^wim^zmmrr^z. 

^n-So (D.A.Skoog, f. J.Holler, Jtm. A. Nielman, 1998, Principles of In 
strumental Analysis, 5'* ed. , Saunders College Publishing) — ^fi*)tc^ 

u-^ h ^^y-(—'^mo:>m±\zmm'^mtsii^m\%. ^x^^-mmcDj^mmm^zmm 

[0 15 7] 

^'\z%i'r^mts^^Km(D^^t\^x^mf)m^^o 

[0 15 8] 

mz. IDse) F ^ -f r/JSiS^T 4^5" > 5> }V^mt S li-^ C ^ id J; o 
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, mmrj:'*r-(X^mr^y^^'^>himm<p]>mmmm\zKmv. ^mibm:i^ 

[0 15 9] 

mmm^i&m^n. tnj:vt>'ri)^iz:k^uy ^if^> h7!)mm'c^^.k^izy3: 

[0 16 0] 

m^lty 2 0~2 0 0 b p®l^HODNA:7:^i>'p<> hCDjg-a-ti<i:, ^jSr/«>« 
0. lium. RU:^>mmi<Dmm^-r.y':fyi,io^ 1 VT*-5Sfi^#A.T^^„ 
#^®^li^^{c::feViT^ 2 Ime r;Oi^ 2 Ome r ^:$j-|il'r'5)fed6JC. l~l 

0 i&Hzm(Dm^^tv. m^nf^vKit. i. 5x1 o- * 3^m:t>^m. 2 
. 2x 1 0- «^ #ra:t:7)t^MT. :s:D^i. 4#jii^-r'5 (-en-en. d=8. 1 

4X10-^ cm^ /#S.Z>'7. 9 1 X 1 0- 7 cm=^ ^mWizm^^fc) o 

[0 1 6 1] 

mhttf^L<\t. 2 0 Ime r:^^B2 0 Ome r ^^m-r^TdisbiZ. 5. 5X1 
0- " #PBlO:t>t«c||fC7>-l' y^b. 6. 5X10-= #f^©::^:7tJc^/e>^l 0 0 

[0 16 2] 
5.4. DNAjj^ii^OJCK^ 



(58) 
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[0 16 3] 

tdr. JS6<«lt^65ML.^(D^'SfUffl:5:^»T$)'5DNA@2y!J^^©fe86l::«, D 

anger et al.. 1 9 7 7, Proc. Natl. Acad. Sci. U S AX:4 ; 5 4 € 3 ; M. M 
axam et al., 1 9 7 7. Proc. Natl. Acad. Sci.USA 7 4 : 5 6 0) :^ 

ig^^ii^ti'S. ■y-'fXM^. RFLP^^, mB.'^w^'M.. "mm^w^^ -^^^ 
l^nAm^mn<D^^x<Dn^—>y^■tmi^^mM\z^^•t^r:l^\z^^ 



[0 16 4] 

5 - 4 . 1 . DNACDWM^ 

m^iBLXSBW^^y^^'$^(omisi<D-ft^\zm^^Bti^ s suuA'sasa sdna 

[1^2 7] 

D-Jtgr/enur, (27) 

m/<:m#) . riSW^JlS^¥ST=«.^ <Doi et al.. 1 9 8 6, Th^ theory of 



^S9) 2002-532715 

Polymer Dynamics . Clarendon Press, Oxford, p 3 0 0) o 
[0 16 5] 

—^iZ. m^r 0.6<i:UTr~N "^^^ <^|At^ Doi et al. Mttl 
Ttir a/In (a/b) Tab-S d <h?0^fc.;&i§„ N«<Dm«^^^ fe^ d s DNA 

m2 8] 

• * ^ 

— ^{l/lJ)la{0..3N}X 1.5»10-=C3bV« (28) 



[0166] 
[ifc2 9] 

^«tai»» " 10-*i^-*c3nVs (25) 

N«:^^^©^Tab-5 (feast, ed.. 1 9 8 7. Handbook of Chem 
istry and Physics, Chemical Rubber Publishing Co, Boca Raton, FL. p 1 1 

7) o mm±. NizMT^M^wm^s sea ict^c^it^wiiv^in (n) 

[0 16 7] 
[^3 0] 



(60) 2 0 02-532715 



D = 1.14 X lO-'W^-'^canVs (30) 

^jO^e^tjP^n-S. Doi et al.,Wai. ^#MOJlio 

[0 16 8] 

s s DNA{C-3ViT-N I e - I -i^UTd s DNAlC-CPV^T- 2 N I e - I 

3}?;i/h#&®Vo S.U^/im#^<^ (L-R) SrffiV^T. to „ jO^i^^TO^;?)^ 
[|^3 1] 

t = il'-R) X 1.1x10"^ sec ssDNAs OJ) 



C^3 2] 



«. . _l£_IJ?lf X 5.6x 10"' sec dsDNAt (32) 
(V-/2) , 



(61) 



#* 2 0 0 2-5 3 2 7 1 5 



t « 
on 



R 



(33) 



2 Ji. L = 1 0 /xm. R = 1 umRZfVo = 1 V(^^^O^ff|c:3>V:iTc5!)# 
[0 16 9] 





/„ for ssEXNiA 
i fsecs) 


/^.fordsDNA 
YsecsV 


J 100 
i 500 


0.0071 
0.0028 
0.0014 


0.0091 
0.0091 

0.0091 



[0 17 0J 



:u t 



©0 ^bVi^^ 



[0 17 1] 
m3 4] 



tet * on 



(34) 
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[0 17 2] 
[1^3 5] 

t 

a„«lerfc(R/^/4D^ (35) 

[0173] 

I :•. 10 5 .. - , ' ........ 

[0 1 7 '41 

^©/^ ^ — ^ ^m-M^ir^rciibcD c ^m't(Dzfa if ^ j^m^^fB 8 i&{ciBai$ nx 

N+AN, ^b"Cs s DNAdbd s DNAra(^M^>5«#in^o^^m 

^ A ^ afe & »0 3 > fcf — ^ i^;^ 5^ A ±lT 3 >/ W ;P bllff ■^'S <i: 35^ 

[0 17 5] 
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tt. 1 0 0® d s DNA^^/J>t7Xttt$:^^i«|lF«i<Z)ft$ 1 0 ^ <Dh<D-fy^^''yi-m 

-^tl^ZLiz\iZt^^. L= 1 0 nm'RZSR= 1 MmSr^i"-g)2t?7^>>^Jt. ;i/tc:^ViT 

[0 17 6] 

<Dm.miwmwz^m.^vx\^^^. ±x<d^-7.\z^\,^x. ^m\t,. L = ioMm 

CO 1 7 7] 



1 DNA^9yjt>|. 


j ^ 


LJcm 








1 ssDNA 












1 io,A//>» 1 


] 0.48 


0.083 


0.0053 


23x10' 


0.036 


1 N" XmAN" 1 


1 


4.4 


0.015 


2.3 X 10* 


0.019 1 




0.85 


0.057 


• 0.016 


2.7 X 10' 

» 


0.021 




7.0 


0.18 


0.038 


1.1 X 10* 


0.017 1 


1 N'^50Q,AN-=S0 


1 1.9- 


0.052 


0.039 


2.8 X 10' 


0.019 


j dsDNA 




j i^'-io,AAir=i j 


032 


0.028 


0.013 


8.7x10* 


0.032 1 


1 A'- 100^-1 


ISO 


1.48 


0.098 


83 X 10* 


0.017 


1 100,AA'^= 10 1 


1.9 


0.021 


0.11 


9.9 X 10* 


0.022 1 






0.067 


0.50 


3.8 X lO' 


0.018 1 


1 N-500,AN^50 1 


9.0 


0.020 


0.52 


1.0 X 10' 


0.020 i 



A&CXd s DNA\Z'D\,^X(D2-D<D^=f'& 1 0 0]^Z^5 0 0 idi^^Mi ^tl-S^^ 

^ -5 > >- ;PT:7Ktti^K 4" T t. CD T ^ -2) o 
[0 17 8] 
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^tii^T , o t c!) 1 0 0 1 «p mm.'^omt < . ■esj a 5 mMcDjd-mm ( s 

[0 17 9] 
5.4. 3 - •^'f->zy^ }V<DM'b'^ 

\ ■■ . . . ..... . , ■- 'v * • : - - ^ ■'■ 

R/ L V i ^ © t*; 2}?^ > ^ ^ 9 3}^ 5^ >;> ;V «:7 Jl/O i; 

(1 %) 1 0 OCD s S I>nAm}^<D^^<Dfl^\Z^WbnftM{U<D^^ 

Hr^^-r. ^Tcb^r— ;^}c43ViT. Vo =^ 2 Vy^t^V^ etl-S. 
[0 18 0] 

[^4] 



Mnm. 






t'j » 


. . .. Mac 


Ctkf 


2 


246- 


4.0 
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. 2.5 X 10* 


0.016 


1 


66. 


4J2 


0.015 


2.4 X 10* 


0.017 


0.5 

0JZ5 


21. 

9J5 


4.9 
6.5 


0.0041 


2Jx 10* 


0.022 


0.0012 


2.0x10* 


0.032 
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r^'f 7^r^miO^«M91^^X«,:^^ cm-l 0 cmX$> 



mmm S tlv •r?S:*p L = 2 0 ja m-^f^* D . , 0 . 8 ~ 1 m m-e^ ^. 



R=0. 8~1. 0;zm. hcD^pcDrnMit. ^^(Dm.&mizM-t^U > 

^<Drc!!bmm(DBmxmmn^y}^izmm^nx\^,^^o 

[0 18 3] 

mzmm-^n^o mm^nx\^^^:&mt. -^-r ^ anmmmiz^\.^xmmmrji% 

<DX^^ (Sze, 1 9 8 8, VL S I Technology . McGraw Hill, New York) 
6 . 5 . 1 . 



~1 Ocmxi~i 0 cmX$>fO. jp^li 1 ~ SmmT'^-So :ff^::^m^(DmW 
Um^^Mit. 'J-^'^R:ff^X(Dmmm.m::^^^ h\ mx.U7 5x50 x imm 
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(DT.^^ F'^ab^ (Fisher Scientific ^'^'^'U^'^m 2-5500 . 
[0 18 4] 

[0 18 5] 
5. 5. 2. ggMia 

izXt^oA-^^M-^^^.Ti. Ni, Zn, RiiV F ^, T amPffUBmzY^ 

U T A u fcSi 2 Of^#^-r $> ^ o 

[0 1 8 6] 

TVi^o 1 5 0 1, 1 5 0 2, 1 5 0 SRO^l 5 0 4t::2&S<k'5;S:mil«, 

bmsi 5 0 ecD^-^o loic^^snrvi^. :m^<o;'%y ]^\t&mimM'^ 
MiizmuF'^^^^^o m^itt. ^mmm±iz^Miyr:i^i^^^Mi^mzm^-t^ 
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10 0 nm;0^6*5cfc^l //mfc-r^ili;0^'T^, $f*b<«3 0 0 nm^T^o 
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A 1 C 1 , C:©A 1 C 1 , ^l^ttTHWie^tl^o AujS^D^Ag 

. »:7ai5/ hXy5^>i>^«$f^L<;^j:(,i. iine»6D#««if ^ b <«A r +-l';t> 

[0 1 8 9] 
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m^^^tcm^ 10 Timor i(D^mT^)^^t^^^o ^lon m\ts ^(D^oFtm^ 

:^^:^<Dm(DiiMMtVXifm't^o ^fc. J¥$l O Onm(Z)P tJl^S^ Ar-r 

[0 19 1] 

(Xia et al.. 1 9 9 5, J.Am. Chem. Soc. 1 1 7 : 3 2 7 4-3 2 7 5 ; J 
ackman et al.. r Q Q R- Sciece 2 6 9 : 6 6 4-6 6 6) o 7:thUVi^^ 

:t—Mt. CH, (CH:),s SH (Kumar et al., 1 9 9 4, LangmuiriO. : 14 

9 8-1511) Ta&^c ^^®±cD/i^-><b$n}^eBmit^T;i/:^>5^:t 

m.WVf^^'^^'^yX^^^^ <0- IMOKCN, IMCDKOH) <Z)4^tC^?t$ 
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■^^ZLhiZ^-oXm^-^tl^ (Kumar et al., M£t}) o ^^iz-f-ri^^rcm. 
[0 19 2] 



i 

[0 1 9 3] 



6 0 6 ^V^-orc^^>:^m-;^, LTl 6 0 3 T^fc.$nTVi§A?ty-> 

®/&ViPBl^j&i&. ^#:ci:bTl 6 0 5 X^^tlXl^^^^tH^J—XDm^^mm^X 

-So 

[0194] 

mizm^-r^:itizj:^xmm-^mx$>^o mxit^aj^^it. /'^^->±s^yo 
^^^j^^<DxtitLx'i^iLZ)mwm±^msf=tmuxm^^n^o 

[0 19 5] 
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i^X hf;??, tf >r3— hU (Microposit S1400-3 1, Shipley, Newton, MA 

lot: Microposit mBMMmWl : IM^^^ Shipley) , Wm-r^y:thU 
[0196] 

-So :ffy7.±izm-^ l o o nmoe r g^^^$13:^^:<hl?$6 

[0 19 7] 

&m.(Dm^m^mt. :^i^NHt/HFJLy^>'^rmm (BOE5 : 1 i 
BOEIO : lOl : IM^^^ J . T. Baker, Phi 1 1 ipsburg. NJ) lZ:ff^X 
^>yy<DmM'&&^'t^^iiiZ^'DX^:n-y hJ^y^>^'-^tl^o 2 OM^(DJi 
V=f->^X. 1 0 ~ 1 5 nm©5^^ >^;i/}0^M3it$n. ©fiyc^^rt h V 

4 0#m©#S-y-'f 5 5~6 0 /xm^Vi"5^J^fl*>3^'li<^5^^>*^l'€r^^^ 

-r-g). X^3/^>^C5^. :7;t hl/v';^ hXJ^C r®«. ■^J^t^:^^XCD^'&, M 

[0 19 8] 

5.5.4. ^ :/! I O^Sg^5" ^ >^;wMjt 
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o. . •■ ■ 

[0 19 9] 

[0 2 0 0] 

5. 5. 5. aA^— hOMj§ 

'j;i/k*y h0\^^-rti:^^x7^$>ifimi:T^^^iz^-oxmmx^^o $f*L<«, 

^mmmiz:io\,f^mizmm^fo-^tirc^^'>:^ji<Drcibiz^t. mi cacd^^t 

[0 2 0 1] 
5.5.6. ^^(Dj^iil} 



<72) #^ 20 0 2- 53271 5 

:;^tc^M$-&^c r$^-r:/i o^Sic-^ViX^v S.m«l5 5 o o~6 o or 

m<D0imj:^>^'< >^'^mmiz.t^o^'i y'lKDmmz-D^^x^t. w-mu~>v 

[0 2 0 2] 

5. 6. mMmm^mm 

. ■ CO' 2 0 3] r-r-\]>^:-'rr. " ■ ^' ' --'-^ 

P.Feynman et al., 1996, The Feynman Lectures on Fhyiscs, VI. 1, Ass i son- 
Wesley, Reading. m\t^(D^^fs:^^mmmx$>^o ^^mmo-^ji^mmo^mm. 

[0 2 0 4] 
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(M.Bier and R.D. Astuiian. 1966, Bioelectrochem. Bioenerg. 39:67; 1996.P 
hys. Rev. Lett. 76:4277) \t. Ml^^m^-^io^tl. ffiWj;;^S'T?mjEMfC^M$n 

[0 2 0 5] 



[0 2 0 6] 

* 

[0 2 0 7] 



^e,nTV^fCo roeiitt, ^S0^#0<j/t-i;f3> (A.Ashkin. 1970, Phys.R 
ev.Lett. 24:156; A.Ashkin, 1986, Optics Lett. 11:288; L.P. Fauch«ux, 199S 
, Phys. Rev. Lett 74:1504) ^ ^n%,Wj^mn— V h > <O.Long e,. 1996. Phys 



t 
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.Rev. Lett. 76:3858; J.Rousselet 1994, Nature 370:446) <Dm^\ZrD\i^'X 
[0 2 0 8] 

S/J^^c:b#'&i::^•^«"2)«^•^s«^m$nfem^ mpi.it. dna) 



[0 2 0 9] 
[0 2 10] 

rz:m<Dm^^^'p i^^^^x . ^j:um<Dm^i&^Bi^<Dh(Dizvxh) o mm 

'^ymtJj^'f'^^^^X. ^#6?Jfcr>-fey h (optical tweezers) t.fS.^%.(D 

—y^^mt^z.t.ifiX'^^. 

[0211] 

y\°^;/F«. -i-^Wz mX\t. :^Jb^J:tK^T^^jE> j^±±&yti^M.) 

^^^m^:fo—^^^M^x:7.'iy^mti^mt^m&m^^izmm^nx\^^^ 
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[0 2 12] 

A'^d-mMM(Dm^(Drc^<Dmmm\z^'Dxmm-^n^. mmv^mm\zmm-^ri^ 
67, 387. immi^zumm. ^m^\^x:^mmm^\zmm't^) . <p-m<o^m 

ck -5 is.^nim.^m^. v v -/(D^xcDmzmMT^o mz. mm 
\tM^(D-:bmx^^-^n. ±m(D^'^\zmm-^n. ^5i^^:^TODNA^f^^:^ 

tiM <i: U T v -fi iq^<d d n a © J: D MMU^:^^ htc^ 

•5iz^Vmt>^^^. ^Mt^^^ D -5 - r:> * D > :^^'fltii cp :7, r -f > v > ^ 5^ 

^tircmmitmytmmm.<D^orj:mm&^3t^^mzj^r)mm^ti^„ 

[0 2 13] 

7t56tc:-e<^)cfc'5?tc/ti$'->^^Vi^e:i:dt. A.Ashkin, 1970. Phys.Rev.Lett. 24 
:156; A.Ashkin. 1986, Optics Lett. 11 :288;&CKL.P.Faucheeux. 1995, Phys.R 
ev. Le 1 1 . 74 : 1 504 {C ISf^ $ tlT o 
[0 2 14] 

*5D, mmomv. ^'L-y:i—ti:^^^y:/i i o. msi 2 o^jzu^^-^/^y 
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•So 

[0 2 15] 

D— ^ 3 1 0 mMm3 2 0 ^r/^LTSUO^-a-Zl^;/ F 1 3 0 (WK^*©^ 

m^mzmir^. ^Aiz. Btfi33i>hP— ^&^0#^x. BtfKH:7;t— 

Btifs^sc5^#j{c 2 aM^n-6tico^^/5m n> -eog^tt*^ 3 s o ic 
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[0 2 16] 

MST^ (5^«DNA^tff®>c:de){CRCA^ U— >T^S-r§o S. Henck. U. S. 
Patent Applicatioii Ser. No. 60/067.387, 1997#12^30fiim^#M$nfcVi 

emcptmffi«J:^cDi;-5{cinx-r^, m^:x.-/\u. mMm\z^-r^o.\z. m 

MttJL/7tS^SM«t Dfe'f°y!5ifc:;^^<, '9^-^>^;P5&t^3i— A470CDJ:-/ 
i>t.MfSi^^z>\z-t^o $§;^iLT> /^$;^^:^ffi-i^$^^•MM:I:U T460/&^"I?#^. 

CO 2 1 7] 

±m(Dm 18-20 \zmvxmmvr^%\i^^m.^^^:^x . mmm.m<D0^ v 

[0 2 18] 
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[0 2 1 9] 



:fe{c?^mL.;^^m^# (DNA) (Dm'^^z^X. M^flt®T¥^>6^e>® Ji^«^€r 

[0 2 2 0] 

6. HM^J 
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m. S$ 1 cm. 1 V]SLU^7j<14:J:^^i«K. 1 0 om^s s DNA^rJ^^^T 

i^'^-^V^T. S$ 1 0. 20v 30> 4 0. 5 0. 6 0, 70, 80 
, 9 OS.tXl 0 OOs s DNAmi^<Dm^,^iZ'oy^X (Research Genetics, Hun 

stviiie. Ai :^^^Am-^mrmm&^i ommmmm^mm'S'j^vx^(^nx\^^^ 

t ■ « r ■ • ' 

s. . . i / -\ I ■ . ■ .. .... 

[0 2 2 1] r - . ^ 

[0 2 2 2] ' - 

[0 2 2 3] 
[0 2 2 4] 

8. Wmon'y :^—$f^m^'t^fz.^<DZiZy\izL—^':fu^=72^ 
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/* 



calculate parameters for the dna separation device 
Copyright 1996 Curagen Coiporation 



#inc]ude 
#jnclude 
^include 



<mB&kJ^> 
<stdio.h> 
<striiig.h> 



^include <^dlibJP^ 

#dcfineABS(x) ((x)>0?(x):Hx))) 

#definePI 3.141592653589793 /* why not? */ 
#de£ineEBREAK l.e4 /* breakdown field for water */ 

#defineMINL6G -6. 
#defineMAXLOG 1. 

erfc by polynomial approximation */ 
#defineA] 0^48296 
#defineA2 -0«28449674 
#dcfineA3 1.4214137 
#defirifeA4 •1.453152 

#de£meA5 1.0614054 ...... 

#deiineQP 03275911 
i^cle^iijQe 

ERFCXxK i(i(AS*OAl .+QP*x))+A4)*(l 7(1 .-H3P*x))+A3)*\ 
(U(l.+QP*x))+^A2)*(141.-M2P*x))+Al)*(iy(l.-KJp*x))*cxp(-x*x^^ 

double R,L; R is the small spacing, L is the well spacing*/ 
double alpha£a(double d, double t) 

{ 

double alpha^x; 
X = R sqrt(4. * d * t); 
, alpha 0.5 * ERFCXx); 
r^uni(alpha); : ; 



mainO 
{ 

double n,dn; n and delta n */ 

int nstr^; 1 for ssDNA, 2 for dsDNA */ 
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double d,dl; /* diffijsivity for length n and (n + dn) ♦/ 
double Iogt,t,aIpha,alphal,dadn,dndasq,cycles,tinie: 
double tbest, tiinebcst,t_on,vO; 
intntmp; 
double dtap; 

char l2ne[100]; 

char "^dataiile = "data"; 

JR. 

L-IO.; 

printI("Enter R (smaller spacing) and L (laiger spacing) in microiK: b; 

i£ets(lnie,sizeof(lme),5tdin); 

sscanfl[]ine,"%l f %ir,&R,&L); 

printf ("Device size: R = %]f micarons, L = %If micronsVn". 
R*3.e44.*l.e4); 



' the breakdown field of wat^is le4 V/can 
choose VO so 2VO/r Je4 V/cm 

vO + R*EBREAK/2.; V' ^-l;'' ^/'^ ' V ■ \' " '^^ 

use a maxiraam oveipotajtial of 2yo = 1 V to avoid elecstrolysis 
if (vO.> 0.5) { vO 0.5; 

^"2^vd^)^ ^» generating maximum field of %lf V/cmVp% 

' ■ ' ■■ ; 

printf("N = thclragth of the sequeaceNa- 
"^Delta N « the resolution (1 for sequencing)\n*') 

whileO) { 

* 

printfC'Ento- N and Delta N: "); 

lgets(Iine,sizeoi(lineXstdin); 

sscanf(Jine,''%If%ir^&dn); 
if (n < 1) { break;} 

printC'&iti^ 1 for ssDNA or 2 for dsDNA: «); fgets(line,sizcof(iinc),stdin); 

sscanf (line, "%d"»&nstnand); 

if ((nstrand!H[)&&^trand!«2)) { bi^; } 

il3 fopen(datafiIc,- W") ; 

/* determine the diffusion constants for n and n+l units are cm-2/sec 
t-on is the relaxation time for a 200 V potratial 

if(iistrand«== 1) { 

t_on (L-R)*(I^R)*2.24e^/(R*pow((double)n,0.41)); 
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t on Le4; /* convert from cm to inicioM */ 
else i 

ton (L-R)*(L-R)*1.12e-4/R; 

tjon l.e4; /* convert fixan cm to microns ♦/ 

printf("t-on + %lf s\n",t_on); 

if (nstrand ■=« 1) { 

d •= 1 .14C-6 * pow(n, -039); 

dl » 1.14e-6 * i)ow(n+dn, -0^9); 

> 

else { 

dl = hl4e-6 (n+dn); 

t . • 

tbest « O.; timebest 1 .el OO; 

for Oogt - MINLOG; logt <= MAXLOG; logt = p.OQl) { 

t«pow(10.,logt); ' „ 

alpha » aipha&(d^t); ^ 

alphal alpiiifij<di;t);-^ 

dj^»a]^ha] -alpba; 

if (ABS(dadn) < {contimie;} 

dndasq « 1. /(dadn * dadn); 

c^les « alplm * (1 alpha) * dndi^ 

time - cycles * (t -M_on); 

^rintf(*,•'%lf%If%lf%lf%lf%15.101fffl^ . 

t,time/60.,cycles,alpha,dndasq,dadn); 

if (time < timebest) { tb^ f = t; timebcst « time;} 

if (tiiiife 5^ I©?^tmia»sO^|^^ 

fclose(^); 

alpha - alphafo(d,t); 

alphal =a1pha&(dl,t); . ^ 

dadn » alphal - alpha; " ' , 

dndasq«l./(dadii*dadri); 

cycles « alpha alpha) dndasij; 

time^cr^les * (pHjm^i 

printfC N %d Delta %d nstrand %d R (urn) %lf L (um) %lf«j", 

(int)n,(int)dn^strand,l .e4*R,l.e4*L); 

printfl[" t_on %g vO %g\^^t_on,vO); 

printfl;''\nN ^ %d +A %d\n'' 

"time (min) %li\n'" 

•Iferipi (cm) %lf\n'* 

••tjofi^sec) %lf\n* 

-N_c^%f\n" 

-alpha %l£VnVn^ 

(int)n,(int)dn, • 

tim^60.,alpha*cyc!es*L.t,cycles,alpha); 

printfl;'*%lf%lf«M.e4*L,alpha*cycIes*L); 

printf("%lf %lf\n%t+t-on,time/60.); 

for (ntmp « 10; ntnip <« 100; ntmp 4« 10) { 
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dtmp - 1.1 4e-6 * pow(ntinp, -0.59); 
print^"%d %lf\n"^tnip,alphafc(dtop,t)); 

} 

printf("End of projgram.\n"); 
> 

mil :^mmiz^^^m^M^^To 

[|g 1 1 ] 011 AT^cVi L 1 1 D «0 9 A?a:lr> b 9 ,E Cp;^-^^::;^^^-^^^^-^ 2 
Cia 1 2 ] 012 A/j:Vi LI 2 E «0 9 Afj:(.i b 9 ECD^^jSid^fe^tt-S^^-T'S^ 

[m 1 4] 0 9 A;^i:l/ib 9 E<^>&-iS©itf^A°^^— :$';^il^"r'g);*5: 
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[Ell 8] ^^y:^—ti7.^^yy°ms^uy )^nm\zm^^f:>^nfz.mM<Dm 
[022] 018 ui^ urn 2 0 iz^vtz-mj^^-^^tc. :$^mm<Dmm(Ditf^v\^^ 

[01] 
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